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Dose Distributions of Fast Neutrons from Thick Target *Be (d,n) 1°B Reaction
By

Tetsuo Inada, Takeshi Hiraoka, Takashi Habu and Hideo Matsuzawa
Physics Division, National Institute of Radiological Sciences
(Director: Dr. Tadashi Hashizume)

Tkhe possibility of the use of fast neutron, from thick target °Be (d,n) 1%B reaction with an electrostatic
accelerater was examined as a conventional and stable source for irradiation.

The dosimetric quantities concerning with the therapeutic purpose were investigated and the fol-
lowing data were presented:

(1) Calculated and experimentally obtained results of depth dose distributions, which are in fair

agreement.
(2) The dose rates due to fast neutrons at the surface of the target holder and at TSD of 20 em are

400 rads/min. and 20 rads/min., respectively.

(3) A circular field of irradiation for therapy was obtained by the collimation at TSD of 20 cm and
the corresponding dose distribution was given for the case in air and water phantom.

(4) The percent depth dose distribution along the central ray in water for the present neutrons

collimated appears to be almost equal to that for 150 kV X- -rays with 3 mm aluminium filter.
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Fig. 1. Sectional view of thick target assembly.
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Fig. 2. Angular distribution of neutron fluence
produced by unit current of 2.8 MeV deuteron
beam incidence on thick beryllium disk (closed
circles), and of neutron fluence to dose conver-
sion factors (open circles).
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Fig. 3. Comparison of neutron spectrum shape
between thick target *Be(d,n)'B reaction and
#5 fission.
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Fig. 4. 1, the reciprocal of the effective cross
sections of reaction, **S(n,p)*P, versus emis-
sion angle.

1.2

=~

Number of Neutrons( Arbitrary)

~Thick Target *Be (d,n %8
R +2.03MeV

3%y - Fission

8 i
\( £ =2.08MeV
N

0z fﬂo}w al
" L4 ﬁ::hgmﬂ \

[ ) 2 & -] 10

3 4 5 ]
Neutron Enirgy (MeV)

TIGAFV I v vF - Z - BHERE Lc
FRATREEIRE 2> & DT == F L F — 450 1w &
5L, FONMLEMeV [ ¥ AT A Mo
[EVHEE AR 2 b RRT . Zhit U oy
ZipE T A2 P LB R T, Fig. 3R
hTuws ., MEOFEFOFE =2+ —13fiTh
LJ2MeV T-FHLTW5%.

3) TR ORE

T = ¥ =470, n(En) #8 Fig.3D X
SERBLRTI D, ThMNHEET, FoE-=
FNF - FTHMT B Z & o LR X < 15
RIcrPEFRIGE X Y 2 SR s lidgbic X v A5
TR Y RSB Z ENTER,

— R RICHTR, o(En) odi:FRIE

X+n2.Y4a

CXoT =%y FEXOFRTE Mx 5 b AERE:
YOFEFHE My 2 it &, A LicePlTER

L 1)
ThEzbh%, T

JEn n(En) dEdn
I == o

Erﬂax (2)
J. " 4(En) ¢ n(En)dEn

[+

EAS T A7 b, n(En) @ X 3 5PH
FRIGD effective KER OB THS. (2)

o
\
-
/
I

1{BLeb.)x 1025
o
o
i

1 1 1
20 120 150

[+] 30 B0
SLob. (Deg.)

A, COPEFRIGEOCTHEFAR 7
arEiE, TRERThs.

BUGHESR, ARUHSRERREE, FWilio ST,

284-n——%2P+p
X s 2P HMERENRL 2L I OBETE L
L OTH ot RO 0.58r BEE D geHlc EfE
REE Uiz b oD RS o B i m LTS
e, EpEEF oo ELE T, AN, BEC,
TERGHE DL s By & ic k5 ASHRH oZb
T E, BHF/ D2 AETITH DR,
Ed= 2.8MeV it % Be (d, n) RKIEHHET
R 3B o0 BP AR o I fEi% Fig. 4 iR
FTIoHfERED, Z—¥y PLOPRETFOR
T HMEEC L D FEDA<2 b, n (En) 2%
B [ELEET 2. BuiciEETF et
LTH Ui #P JEF#olt Mp/Ms 2 o I{E
7o QR L OTLASPMTE, Nezi-.

I #REFE

(1) wPEEFRE» SRR~ ORR
AT 20 Tisue W5 Hh5 =5 A%
—ixEvT -« pARE BRI VBEILRDLR
Brywisot, cochMEL T PHETF=% -
# — IR LTI Snyder, Neufeld oF4i» 35
HB. THITEPEFHE10MeV FToPEETF
W T JE & 30emDJEFR Tissue SEHTIZIZEICA.
HU-BE6OWMRE L, PlETORELLERT
& B &MCRE S hiz Tisue HETHIT 2R
(first collision dose) #3RdIzd DT, D2

—dD



IEF444% 8 H250

DIRERC L DT 5.

T, Irving et al® % ref. (2) @ 54 wwsid
B 2 T RDE L, Hii-iogk & kA
BEOFEBEE AT, 0.5~60MeV zE2>TD
AT 2 G EREEY RO, T0kE
FiwxbL, Ex30emp Tissue FHZ DT D
SPEfREIE 1 MeV s\ T ref. (2)DFhE—
BLTwaN, fEF=2AF—Dfiink L dic
24T TIOMeV Tif20 %16 < 7e 5 = & a3
biviz. Lichi-2>C first collision dose oEET
13 ref. () TR IRE SR IERILT % O CRIE
IR, TREFRE OBk ref. (3)0EME
PHWAZ LTS,

=FAF — En TAH Lo HEF a3 ke o
StERBWTHE 2 5 H&E% DEn, t) 33
&, A2 b, n(En) ofET o Ao
TR tIth 2 a4nx

‘[D(En,t)n(En)dEn

D(t)=N @3)
jn(En} dEn

ThExBh%., & & T D(En, t) 3 bboke
% En @ounTHELTRD SR, NIZAEGE
(I, 3) D*P pAEFEISLORE. (B)K
DORDZ I 2705 Foddic, W OnDEYAE
175 D) oZ ks En i3 BmE e LTk
Ddbhntc., Fiebhb ref. QN2 L2 TEX30
cm> Tissue PR 4 HNCEE D >—ERIC Agf (no-
rmally incident) |78y, ¥ X OSFARRTH ©O—
Db 4 it F e ASt (isotropically incident)
L& LT T, WS 2o DES B \WTH
WHrriow, =X F¥— Ry ¥ AShETF=
ANF—DORE E LT RDE, ThHD RS
Fig. 3l & 2 fe Az bV L% AlvT Q)Xo
FEE sSoieot. To KR Fig.5% L O
Fig. 6 l2/R 3 X 57cb DT, Fuw =)V valy
% 2.8MeV HEETCHEEE L& E Rk T 59
HTF X 53R, D) #ZhEh normally
incident 335 X UF isotropically incident @334z
SWTE 2%, 7tk Fig. 5T rEX€rT
O@ENLILED =31 first collision dose (ref.
2) CIXABEEYRLI-LOTHS. T1-FH

523

Fig. 5. Depth dose in 30 cm thick tissue calcu-
lated for the normally incident neutrons from
thick target *Be(d,n)"B reaction. Histogram
for 2 MeV normally incident neutrons,
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Fig, 6. Depth dose in 30 cm thick tissue calcu-
lated for the isotropically incident neutrons
from thick target “Be(d,n)"B reaction at 2.8
MeV. Histogram for 2 MeV isotropically in-
cident neutrons.
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Fig. 7. Depth dose without y-ray dose. Solid
line and dotted line calculated on the data
due to Irving et al. and due to Snyder and
Neufeld, respectively, for normally incident
neutrons from thick target *Be(d,n)!*B reaction
at 2.8 MeV. Broken line on the data due to
Irving et al. for isotropically incident neut-
rons, in comparison with the experimental
results for isotropic approximation.
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Fig. 9. Dose rate distribution along the central
ray. Dose rate is expressed in rads per minute
for the incidence of 200 uA deuteron beam of
2.8 MeV on a thick target of beryllium.
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Fig. 12. Lateral dose distribution at 2 cm depth
in water for collimated neutrons, with (solid
curve) and without lucite collimator (broken
curve). Distribution of ¢.ray dose is also
shown below.
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Fsg. 13. Lateral dose distribution at 2 cm depth
in water(solid curve)and at the same position
in air (broken curve) with lucite collimator.
Distribution of v-ray dose are also shown
below.

100~

+in Water

——===:in Air

g

Relative Dose

—3

%

6 —— e

nmm ray ————

| \ .

15 10 5 o 5 [[+] 5
Distance from Central Flay (cm)

R, ThZhEFEFRE IOy BrEKLEr. ©
— A fLrBRiC R TR R H e

ZD X5 &R T, F—%y b 20cm
DHIH T € — Al Bl 7 TR O BE 2 JE
Liz. Fig. 2OBERTRLIZEDTHB, 2V 2
— X —BREEEH TR, XHBHEY T
BRI A D2 ) 2 — 2 —pFHALE. & —
¥y b X DETH0TKZ 7 v FAF 2000 E —
AREELEATO HESE Fig.12ic Efc
Hxlck37bDThs. Fig 131, HULE
BT 5P TORBYK7 7 v b 2P5E L i

927

Fig. 14 Percent depth dose curve in 30 cm wa-
ter phantom for collimated neutron with lu-
cite collimator (solid curve) and comparative
representation of the depth dose for 150 kV
X.ray (broken curve).
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